ABSTRACT Objectives: The aim of this study was to analyse the clustering of multiple health-related behaviours among adolescents and describe which sociodemographic characteristics are associated with these patterns.
INTRODUCTION
Health-compromising behaviours such as substance use (smoking, alcohol and drugs), unsafe sex, poor diet and sedentary behaviour are usually initiated during adolescence and persist throughout life. 1 2 These behaviours are modifiable causes of morbidity and mortality and thus, must be tackled as a strategy for global health promotion and prevention. 3 Interest in clustering of health-related behaviours has increased in the last two decades, however, some issues remain to be addressed by the literature in this field. First, many studies have used inconsistent terminology, such as 'cluster of behaviours' when using cluster analysis, which actually cluster individuals, not behaviours; 4 and often have used limited statistical analyses, such as analysis of co-occurrence, which do not provide
Strengths and limitations of this study
▪ This study uses an impressive, nationally representative sample of Brazilian ninth-grade students, and a high response rate was obtained. ▪ This study investigated the clustering of a broad range of health-related behaviours, enabling a global understanding of how behaviours cluster in this age group. ▪ We provided evidence on clustering of behaviours in a middle-income country, adding evidence to the literature mostly from high-income countries. ▪ The use of a sample of students may introduce some selection bias by excluding those youths who drop out of school and who may be most at risk. ▪ This study was based on the self-reported behaviours of a single group of respondents (the students) which could result in information bias.
any indication of whether the concurrence of health-related behaviours is the result of an association between the behaviours. 5 Second, most of the research in this field has included only the four main risk factors for non-communicable diseases (smoking, alcohol consumption, inadequate diet and physical inactivity). [4] [5] [6] [7] [8] A few studies have assessed a broader range of health-related behaviours among adolescents, including aggressive and sexual behaviour, and these studies have shown a different number of patterns and different variables loading in each pattern. [9] [10] [11] [12] Finally, despite the importance of studying these behavioural patterns in a wide range of settings, the studies have mostly been conducted in high-income countries. The factors that shape patterns of behaviours, such as social acceptance, culture, legislation and regulatory frameworks, may vary between high-income, low-income and middle-income countries, therefore it is possible that behaviour patterns are different. 10 13 14 For instance, in the Brazilian setting, the only study among adolescents in this field was limited to a few behaviours and used analysis of co-occurrence, not assessing how these behaviours clustered in specific patterns. 6 The use of factor analysis to study how a broad range of behaviours cluster in a nationally representative sample of adolescents in a middle-income country may add evidence to the literature. Factor analysis is a suitable method to assess clustering of behaviours and identify underlying factors associated with these behaviours. 14 It is also important to assess whether the behaviour patterns vary according to gender, since, historically, trends of behaviours have shown variation by gender and recent research suggests a decrease in gender differences. 15 Findings from such analyses could have important implications for public health interventions to address multiple risk behaviours and its consequences. 5 Thus, the aim of the present study is to analyse the clustering of multiple health-related behaviours in a nationally representative sample of ninth-grade students from Brazil, and describe which socio-demographic characteristics are associated with these patterns.
METHODS
Study population, sampling and data collection We used data from the National Survey of School Health among ninth-grade students (Pesquisa Nacional de Saúde do Escolar (PeNSE) 2012), a cross-sectional study, carried out from April to September 2012. The aim of PeNSE is to assess risk and protective factors for health among adolescents enrolled in ninth grade in public and private schools in Brazil. 16 The PeNSE 2012 sample is representative of the country as a whole, the country's five major geographical areas and the 26 state capitals and Federal District. The sampling framework was the 2010 School Census database, and the sampling strategy included stratification per cluster and multi-stage selection. The sampling strata were each of the 26 state capitals and the Federal District, and the five major geographical areas. In all state capitals and the Federal District, the primary sampling units (PSUs) were schools, and the secondary sampling units (SSUs) were classrooms. In the set comprising the remaining counties in each of five geographical areas, PSUs were county clusters, SSUs were schools, and tertiary sampling units (TSUs) were classrooms. School selection was proportional to the total number of ninth-year classes, while the classes in each school were chosen by simple random selection. Two classrooms were selected from the schools with three or more ninth-year classrooms, and one classroom was selected from the schools with one or two ninth-year classrooms. All of the students enrolled in the selected classrooms were invited to participate in the study. 16 From 3004 selected schools, 162 were not assessed due to absence of ninth-year classrooms, strikes at the time of data collection or the school board's refusal to participate. Considering the total number of students who attended school during data collection (n=110 873, 84% of all students enrolled), participation refusals (n=1651) and lack of report of gender or age (n=118), the final response rate was 82.7%. Data from 109 104 students attending 2842 schools were used. Further details of the sampling design can be found elsewhere. 16 Students filled out smartphone application questionnaires in their school classrooms during regular school hours. The questionnaire was based on the Global School-Based Student Health Survey, 17 the Youth Risk Behaviour Surveillance System 18 adapted to the Brazilian setting. 19 Questions included socio-demographic characteristics, occupation, diet, body image, physical activity, smoking, use of alcohol and other drugs, support network (family and friends), hygiene habits, mental health, oral health, asthma, sexual behaviour, violence and accidents, and use of healthcare services.
Study variables
Health-related behaviours analysed in the study included involvement in physical fights, fights with guns or other weapons (knives, bottles, etc), bullying behaviour (aggressor/bully), alcohol use, drug use, smoking, sexual behaviour, physical activity and sedentary behaviour, and dietary intake of healthy and unhealthy food indicators (see online supplementary appendix 1).
The following socio-demographic covariates were considered in the analysis to describe behaviour clusterings: gender; age range (13 or less; 14-15years; 16 or more); mother's educational level (incomplete middle school, complete middle school, complete high-school, complete higher education), school administrative status ( public or private) and the geographic regions were categorised as more developed (South, Southeast and Centre-West) and less developed (Northeast and North), regarding social and economic indicators.
Statistical analysis
First, a descriptive analysis of the main variables of interest was undertaken according to gender.
Second, exploratory factor analysis (EFA) was performed to generate patterns of health behaviour that aggregated together. 4 In factor analysis, only shared variance between variables appears in the solution, and the shared variance is partitioned from its unique variance and error variance. 20 Sampling adequacy was assessed using the Kaiser-Meyer-Olkin (KMO) criteria. KMO takes values between 0 and 1 with small values, meaning that overall the variables have too little in common to warrant a factor analysis. A value of KMO=0.83 was obtained, meaning good adequacy. 21 The EFA analysis was performed on the total sample and also on the sample split according to gender.
Factors ( patterns) were extracted using weighted least squares with mean and variance adjusted (WLSMV), an estimation method which does not assume multivariate normality and is therefore more appropriate for handling dichotomous or categorically ordered data. 22 Using WMLSV in Mplus, the missing data were handled as a function of observed covariates, assuming that the missingness mechanism is 'missing at random'. 23 The choice of the number of factors to be retained was made based on the scree plot assessment, the 'cleanest' factor structure (with item loadings above 0.30), the fewest possible item cross-loadings, no factors with fewer than three items and a reasonable interpretation of the emerging factors. 20 The minimum loading of an item to be included in a factor was 0.30. 20 The proportion of the variance explained by each factor was obtained from the eigenvalue of each factor divided by the number of variables. 24 The oblique rotation (Geomin) method was used because the factors were expected to have some correlation.
After the factor solution was determined, confirmatory factor analysis (CFA) was performed for the factors retained in EFA and the observed variables with loading above 0.3 as indicators of each factor, in order to reduce the complexity of the model. The model fit was assessed through Comparative Fit Index (CFI>0.90), Tucker Lewis Index (TLI>0.90) and root mean square of approximation (RMSEA<0.05). Following CFA, factor scores (continuous variable) were estimated, through regression analysis, for each one of the factors, to identify an individual's placement within the factors. 25 Afterwards, we performed linear regression models to describe socio-demographic characteristics associated with each pattern of behaviour (factor scores) in multiple adjusted models. The linear regression assumptions were met.
Multiple imputation was performed using the chained equation technique due to the significant proportion of missing values for the mother's education level (17%, n=18 527), and included all other variables with a smaller proportion of missing values, to create a complete data set. The distribution of the observed data was used to estimate a set of plausible values for the missing data, including random components in the estimated values. 26 We performed analysis using the raw data set and the imputed data set (data not shown), for sensitivity analysis. The results from these analyses did not differ. Therefore, the imputed data set was used to run the linear regression models of factor scores.
The cut-off point for statistical significance was established as p≤0.05. The EFA and CFA analyses were performed using Mplus V.7.0 and both descriptive and regression analyses were performed using Stata SE V.13. The PeNSE data set included weighting factors according to sampling procedures, and this was not incorporated in the factor analysis (EFA, CFA), but in all other analysis.
Ethical aspects
PeNSE 2012 was approved by the National Commission of Research Ethics (Comissão Nacional de Ética em Pesquisa-Conep, record number 16805). It was performed in accordance with the Declaration of Helsinki and all participants gave their informed consent through self-administered questionnaire (smartphones). Informed consent from the next of kin, caretakers or guardians was not obtained on behalf of the participants because the Brazilian Statute of Children and Adolescents (Law number 8.069; 13 July 1990) provides adolescent's autonomy to takes initiatives, such as answering a questionnaire that offers no risk to your health and which has the clear purpose of supporting health policies for this age group. All this consent procedure was approved by the National Commission for Research Ethics. Its database was made publicly available on the IBGE website with no information which could identify subjects.
RESULTS
The majority of the students were aged 14-15 years old (63.9%), female (52.2%) and had mothers with low educational level (41.8% incomplete middle school). Most of the students lived in more developed regions (66.8%), and more than 80% of the students attended public schools (table 1) .
When analysing the proportion of engagement in health-related behaviours among males and females, it was possible to see some gender differences (see online supplementaryappendices 2 and 3). Males presented a higher proportion of all frequencies of involvement in aggressive behaviour when compared to females (see online supplementary table appendix 1). Males were also more involved in unsafe sex (twice as often as females) (see online supplementary table appendix 2).
There were only small gender differences when substance use and food intake indicators were compared. It is worth noting that the highest frequencies of engagement in risk behaviours represented a small proportion of students.
Three patterns were retained, explaining nearly 50% of the variance. The first pattern was labelled 'problembehaviour', and included involvement in different forms of aggression ( physical, with guns or other weapons and verbal bullying), smoking, alcohol consumption, drug use and unsafe sex. The second pattern was labelled 'health-compromising diet and sedentary behaviours' and included sedentary behaviour and all unhealthy diet indicators (fizzy drinks, bagged snacks, fried salty snacks). The third pattern was labelled 'healthpromoting diet and physical activity behaviour' and included physical activity and all healthy diet indicators (fruit, raw vegetables and cooked vegetables) (table 2). The clustering of behaviours was similar for males and females; therefore, the following analysis, including the CFA model and the regression models, were performed for the whole sample, and adjusted by gender.
It is worth noticing small differences in the models based on gender, that in the male model the indicators of involvement in aggression and drug use had strongest correlations in the first pattern; however, they also were correlated with the second pattern at a lower intensity. In the female model this pattern was repeated but for alcohol consumption rather than the aggression and drug use indicators (table 2) .
The CFA model showed good fit adjustment (RMSEA=0.053-90% CI 0.053 to 0.054; CFI=0.95; TLI=0.94) and confirmed the patterns extracted from EFA (figure 1) that the problem-behaviour and healthcompromising diet and sedentary behaviours patterns were moderately correlated (0.4), whereas problembehaviour and health-promoting diet and physical activity behaviour, and health-compromising diet and sedentary behaviours and health-promoting diet and physical activity behaviour were weakly correlated.
Linear regression models for the three patterns of behaviour indicated that the problem-behaviour pattern was associated with male gender, older age, more developed region and public schools. The healthcompromising diet and sedentary behaviours behaviour pattern was associated with female gender, older age, mother with a higher education level and more developed region. The health-promoting diet and physical activity behaviour was associated with male gender and mother with a higher education level (table 3) .
DISCUSSION
The results suggested that the protective behaviours collected together in one cluster, labelled health-promoting diet and physical activity, and the risk behaviours in two main clusters, labelled problem-behaviour and healthcompromising diet and sedentary behaviours. The difference between these two risk-behaviour patterns may lie at the level of their social acceptability. According to the literature, violent behaviour, drug use and smoking are less socially acceptable behaviours among adolescents, 9 and were captured by the problem-behaviour pattern, while the health-compromising diet and sedentary behaviours pattern brought together behaviours that represent harm to health but are not seen as unacceptable either by students or society, such as unhealthy food consumption and sedentary behaviour. 9 Among Brazilian adults, drinking alcohol and smoking were found as part of a risky lifestyle pattern, together with lack of physical activity and unhealthy diet intake, 8 in contrast with our findings among adolescents. Among adults, drinking alcohol and smoking are common and socially accepted, while they are contesting or rule-breaking behaviours among adolescents. 9 This may explain why our study found a problem-behaviour pattern with drinking alcohol and smoking together with aggressive behaviour and not in the compromising behaviour, which included unhealthy diet and sedentary behaviour. In addition, the behaviours comprising the problem-behaviour pattern are more related to establishing independence and gaining peer social acceptance than the behaviours in the health-compromising diet and sedentary behaviours pattern. 27 28 In the Netherlands, researchers also found two patterns of risky behaviours among adolescents. These patterns differed from ours regarding the variables that clustered together. Alcohol consumption, unsafe sex and vigorous physical activity clustered together in one pattern, and violent behaviour, smoking and drug use in another. 10 However, these two risky patterns were moderately correlated, as in our study, suggesting that they are not completely independent, and that there are similarities in behaviours clustering among adolescents from these two different settings.
The health-compromising diet and sedentary behaviours pattern was not correlated to the health-promoting diet and physical activity pattern (even negatively), 5 Open Access indicating that to engage in a risky lifestyle was determined by a different construct than, for example, not engaging in a healthy lifestyle, possibly due to different predictors. The health-promoting diet and physical activity pattern may be more influenced by family behaviours, since their components are commonly shared and promoted by family according to the literature. 29 On the other hand, the health-compromising diet and sedentary behaviours pattern is composed of behaviours that may or may not be shared by family and may be more under adolescents' own control, being adopted without their family supervision (in schools, for example). 30 31 These findings suggest that promoting health-promoting diet and physical activity pattern may not affect the adoption of the health-compromising diet and sedentary behaviours pattern among adolescents. Therefore, these two patterns must be tackled complementarily.
Assessing behaviours individually, we found small differences between genders and the same behaviour patterns for males and females. Other studies have found no gender differences in behaviours, such as alcohol consumption, smoking and drug use, or a decrease in the gap between males and females in Brazil as well as in other parts of the world. 15 32-34 In terms of the characteristics of individuals associated with the three patterns, some similarities and differences were found. Older students (>16 years old) had a higher score in the problem-behaviour pattern than younger students. Since 16 years is older than usual among ninthgrade students, it is possible that these students were kept in ninth grade for an extra year due to poor school performance. Older age is also associated with healthcompromising diet and sedentary behaviours pattern, but the strength of this association was not as marked. Similar associations with age have been reported before and suggest that prevention programmes may need to focus more closely on those students possibly struggling with school before they engage in multiple risk behaviours. 35 Problem-behaviour and health-compromising diet and sedentary behaviours patterns were associated with more developed regions in Brazil, and problem-behaviour was also more frequent in public schools. More developed geographical regions in Brazil are also more urbanised, 36 which has been linked to more risky lifestyles in middle-income and low-income countries. 37 The health-compromising diet and sedentary behaviours pattern, and health-promoting diet and physical activity pattern were associated with higher maternal education. In this study, maternal education was the only socioeconomic status indicator available. The association found is not surprising, since opportunities to engage in physical activities and access to both healthy and unhealthy food seem to depend on socioeconomic status, something that has been described in relation to food acquisition patterns among Brazilians. 38 This study has some limitations. Among these it is the use of a sample of students only. Even though access to basic education is widespread in Brazil (97% and 88% of the population aged 6-14 and 15-19 years old, respectively), 39 this may introduce some selection bias by excluding those youths who drop out of school and who may be most at risk. 13 Accordingly, our results are representative of ninth-grade Brazilian students that regularly attend school. In addition, despite the high response rate obtained, which reduces the possibility of selection bias, it is still possible that students that had refused to participate or were not at school during the data collection were also at higher risk for the factors assessed. The set of protective behaviours was limited only to diet and physical activity and if more behaviours had been included, such as sleeping habits and hygiene, it is possible more than one underlying factor would have been found. Nevertheless, these two behaviours have been described as the most important to promote health, considering the global burden of disease. 40 This study was based on the self-reported behaviours of a single group of respondents (the students) which could result in information bias, with overestimation of health-promoting behaviours and underestimation of health-risky behaviours. However, as the students were advised that the study was anonymous and they answered the questions on a smartphone, not through an interview, it is unlikely that this was the case.
We also acknowledge that due to the nature of the data set (students nested within schools), the observations are not independent and, therefore, multilevel analysis could be a valuable alternative when describing the pattern scores. However, multilevel analysis using Stata does not fit sample weights used in the sampling procedure, which could bias the results. On the other hand, the SVY prefix on Stata software, which we have used in multiple linear regression takes into consideration the sample structure (strata, sample units and sample weights) when calculating the estimates. We chose to use multiple linear regression with the SVY prefix instead of multilevel analysis because the clustering effect we found was small and we did not have a contextual hypothesis to test.
The strengths of this study are the large and nationally representative sample of Brazilian adolescents in a middle-income country. In addition, a broad variety of behaviours has been included, which is important for a global understanding of how behaviours cluster in this age group. The use of categorical behaviour variables, instead of dichotomous variables avoided the loss of information about individual differences, 41 and the use of factor analysis that suits these kind of variables produced more reliable results. 22 Our results show that health behaviours tend to cluster among Brazilian adolescents, with these 18 behaviours grouping into three patterns. Interventions regarding health promotion and disease prevention should be designed focusing on behaviour patterns instead of single behaviours, as is often the case. High risk behaviours tend to cluster in the same individuals and it seems rather inefficient to design programmes addressing single unhealthy behaviours. The associations between socio-demographic characteristics and behaviour patterns suggested that older students from more developed regions were the most vulnerable to the health-compromising behaviours patterns. Older students in ninth grade are probably those experiencing difficulties at school and have been left behind. Therefore, interventions could target this group to tackle multiple health risk behaviours. On the other hand, preventive strategies should be directed to students at an early age.
Future research should also take a step further in this field in trying to understand the mechanisms that give rise to health behaviour clustering, together with their implications for interventions. 
